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(57) ABSTRACT 

A method for manufacturing a surface acoustic Wave appa 
ratus decreases a speci?c resistance of an electrode ?lm by 
removing hydrogen occluded in the electrode ?lm that is 
primarily composed of tantalum, so that the device proper 
ties are stabilized. An electrode ?lm primarily composed of 
tantalum is formed on a piezoelectric substrate. 
Subsequently, this electrode ?lm is heat-treated in a vacuum 
at a temperature of about 200° C. to about 700° C. for 
several hours. Thereafter, the electrode ?lm is patterned so 
as to produce an interdigital electrode transducer. 

21 Claims, 3 Drawing Sheets 
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METHOD FOR MANUFACTURING 
SURFACE ACOUSTIC WAVE APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for manufac 
turing a surface acoustic Wave apparatus, and more 
particularly, the present invention relates to improvements in 
properties of an electrode ?lm included in a surface acoustic 
Wave apparatus for use as, for example, a resonator and a 
?lter. 

2. Description of the Related Art 
Regarding electronic apparatuses, increases in frequen 

cies and improvements in functions and performances have 
been accelerated. In addition, devices included in the elec 
tronic apparatuses have also been required to have increases 
in frequencies and improvements in functions and perfor 
mances. In addition, techniques for manufacturing such a 
device having high quality functions and performances at 
loWer cost have been also intensely required. 

Regarding the surface acoustic Wave apparatus using a 
surface acoustic Wave, apparatuses using Rayleigh Waves 
and apparatuses using Love Waves are knoWn. These surface 
acoustic Wave apparatuses are manufactured by a method 
including the steps of forming electrode ?lms by vapor 
deposition on pieZoelectric substrates made of quartZ or 
LiNbO3, and subsequently, by patterning the electrode ?lms 
into predetermined electrode shapes via photolithographic 
etching so as to form interdigital electrode transducers on 
the substrates. Thereafter, the device properties and charac 
teristics of the surface acoustic Wave apparatuses are evalu 
ated. 

In these tWo surface acoustic Wave apparatuses, the sur 
face acoustic Wave apparatuses using Rayleigh Waves have 
been Widely used. As the electrode ?lms, aluminum ?lms 
made of aluminum or aluminum With copper additives, have 
been primarily used. With surface acoustic Wave apparatuses 
using Rayleigh Waves, hoWever, it is dif?cult to miniaturiZe 
the devices due to small electromechanical coupling 
coef?cients, small re?ection coef?cients, and other factors. 

The aforementioned defects of the surface acoustic Wave 
apparatuses using Rayleigh Waves have been overcome by 
surface acoustic Wave apparatuses using Love Waves. With 
surface acoustic Wave apparatuses using Love Waves, as the 
materials for the electrode ?lms, gold, tantalum, and 
tungsten, each having a high density, have been used. In 
surface acoustic Wave apparatuses, the device properties 
must be stabiliZed, so that the stability and the reliability of 
the electrode ?lms are improved. Therefore, among the 
aforementioned materials used for forming the electrodes, 
tantalum is used in many surface acoustic Wave apparatuses 
using Love Waves. 

In conventional surface acoustic Wave apparatuses using 
tantalum for the electrode ?lms, the device properties, such 
as resonant frequencies, vary With time due to changes in 
speci?c resistances of the tantalum electrode ?lms. The 
changes in the device properties are also caused by the 
thermal loads occurring during the passage through re?oW 
furnaces after the surface acoustic Wave apparatuses are 
manufactured. 

Regarding the surface acoustic Wave apparatus used as a 
resonator and a ?lter, the change in the resonant frequency 
is fatal, and When the change exceeds standards, the product 
is determined to be defective. As a consequence, in the 
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2 
manufacture of the surface acoustic Wave apparatus, there 
are problems With preventing the device properties, such as 
the resonant frequency, from changing during the various 
manufacturing steps, and there are problems With improving 
the reliability of the surface acoustic Wave apparatus. 
As a method for stabiliZing the speci?c resistance of the 

tantalum electrode ?lm, the method in Which the surface of 
the electrode ?lm is covered With an anodiZed ?lm is knoWn. 

Regarding tantalum, tWo kinds of tantalum, i.e., 0t tanta 
lum and [3 tantalum, are present depending on the difference 
in the crystal structures. In these tWo types of tantalum, [3 
tantalum is a superior resistive material exhibiting small 
changes in resistivity over time. On the other hand, it is 
reported in “Sputter Thin Film: Foundation and Application” 
by Haruhiro Kobayashi, published by THE NIKKAN 
KOGYO SHIMBUN, LTD., that 0t tantalum has a small 
speci?c resistance compared to that of [3 tantalum, although 
the temperature stability of the resistivity is inferior and the 
adhesion force relative to the substrate is also inferior. 

Therefore, [3 tantalum exhibiting superior stability Was 
used as the resistive material for an electrode, the electrode 
?lm made of [3 tantalum Was covered With an anodiZed ?lm, 
and subsequently, the electrode ?lm Was subjected to a heat 
treatment in order to diffuse oxygen in air, and in order to 
prevent a distortion status of the electrode ?lm from chang 
ing due to the heating of a resistor. As a method for oxidiZing 
the surface of the electrode ?lm made of [3 tantalum, a 
method in Which a heat treatment is performed in air for 
oxidiZation, and a method in Which a laser light is used for 
the oxidiZation are also knoWn. 

Even When the aforementioned method Was applied, in 
Which the electrode ?lm Was covered With the oxidiZed ?lm, 
the stability of the device properties Was insufficient in 
practice. Furthermore, When the tantalum electrode ?lm Was 
covered With the anodiZed ?lm, the speci?c resistance 
property Was stabiliZed, although the value of the speci?c 
resistance Was increased. As a consequence, the device 
properties Were degraded, and the bonding performance Was 
degraded. In addition, regarding the method in Which the 
electrode ?lm Was covered With the anodiZed ?lm, there 
Were problems in that the process became complicated, and 
the cost of manufacturing the surface acoustic Wave appa 
ratus Was expensive. Regarding the method in Which the 
oxidation Was performed in air, the ef?ciency of the manu 
facture Was decreased due to a large time consumption, and 
regarding the method in Which the laser light Was used, the 
cost of the apparatus Was expensive. 

Accordingly, regarding surface acoustic Wave apparatuses 
using tantalum for the electrode ?lm, a method for manu 
facturing a stable electrode ?lm at a loW cost Without 
degradation of the bonding performance and the speci?c 
resistance of the electrode ?lm has been required but never 
developed. 

SUMMARY OF THE INVENTION 

In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
method for manufacturing a surface acoustic Wave 
apparatus, in Which a speci?c resistance of an electrode ?lm 
is decreased, so that device properties and a bonding per 
formance are excellent, and a stable electrode ?lm can be 
manufactured With an inexpensive and simple process. 

According to a preferred embodiment of the present 
invention, a method for manufacturing a surface acoustic 
Wave apparatus preferably includes the steps of forming an 
electrode ?lm including tantalum on a pieZoelectric sub 
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strate in a vacuum, Working the electrode ?lm into a desired 
shape, and heat-treating the resulting electrode ?lm at a 
temperature of from about 200° C. to about 700° C. 

Regarding the aforementioned surface acoustic Wave 
apparatus, by forming the electrode ?lm that is preferably 
primarily composed of tantalum on the pieZoelectric 
substrate, and subsequently, by heat-treating the resulting 
electrode ?lm at a temperature of from about 200° C. to 
about 700° C., hydrogen occluded in the electrode ?lm is 
removed. By removing the hydrogen from the electrode, the 
speci?c resistance of the electrode ?lm is greatly decreased 
compared to that before the heat treatment, the stability and 
the reliability of the electrode ?lm is greatly improved, and 
a highly reliable and loW cost surface acoustic Wave appa 
ratus is produced. 
When the heat treatment temperature exceeds about 700° 

C., the effect of decreasing the speci?c resistance is hardly 
improved With the increase in the heat treatment 
temperature, and the pieZoelectric substrate may be Warped 
due to an increase in the stress on the electrode ?lm. In order 
to produce the effect of decreasing the speci?c resistance due 
to the heat treatment, the heat treatment must be performed 
at a temperature of about 200° C. or more, and the heat 
treatment is preferably performed at a temperature of about 
300° C. or more. Therefore, the heat treatment temperature 
of the tantalum electrode ?lm is preferably Within a range 
from about 200° C. to about 700° C., and more preferably, 
is Within a range from about 300° C. to about 700° C. 

Regarding the aforementioned method for manufacturing 
the surface acoustic Wave apparatus according to a preferred 
embodiment of the present invention, the step of heat 
treating is preferably performed in a vacuum or in an 
atmosphere not containing oxygen. 
When the heat treatment is performed in a vacuum or in 

an atmosphere not containing oxygen, for example, in an 
atmosphere of an inert gas, the electrode ?lm can be 
prevented from being oxidiZed, and the resistance of the 
electrode ?lm can be prevented from being increased. 

Regarding the aforementioned method for manufacturing 
the surface acoustic Wave apparatus according to a preferred 
embodiment of the present invention, at least a part of the 
tantalum, as the primary component of the electrode ?lm, is 
preferably composed of 0t tantalum. 

Regarding tantalum, there are 0t tantalum and [3 tantalum, 
and both types of tantalum can be used for the electrode ?lm. 
In particular, by using 0t tantalum, the speci?c resistance of 
the electrode ?lm can be further decreased. 

Regarding the aforementioned method for manufacturing 
the surface acoustic Wave apparatus according to preferred 
embodiments of the present invention, the aforementioned 
step of heat-treating may be performed prior to the afore 
mentioned step of Working the electrode ?lm. 

Regarding the aforementioned method for manufacturing 
the surface acoustic Wave apparatus according to preferred 
embodiments of the present invention, the aforementioned 
step of heat-treating may be performed betWeen the step of 
Working the electrode ?lm and a step of evaluating proper 
ties of the surface acoustic Wave apparatus. 

The timing of the heat treatment of the electrode ?lm may 
be prior to the step of Working the electrode ?lm into a 
desired shape, and may be after the step of Working the 
electrode ?lm into a desired shape. When the heat treatment 
is performed prior to the step of Working, the speci?c 
resistance can be decreased compared to that in the case in 
Which the heat treatment is performed after the step of 
Working. When the heat treatment is performed after the step 
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4 
of Working, the reliability of the electrode ?lm is improved 
compared to that in the case in Which the heat treatment is 
performed prior to the step of Working. In addition, When the 
heat treatments are performed prior to the step of Working 
and after the step of Working, the speci?c resistance may be 
further decreased and the reliability is further improved. 

Other features, elements, steps, characteristics and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description of preferred embodi 
ments of the present invention With reference to the attached 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1G are diagrams for illustrating the steps of 
a method of manufacturing a surface acoustic Wave appa 
ratus according to a preferred embodiment of the present 
invention; 

FIG. 2 is a diagram shoWing results of thermal desorption 
analysis regarding relationships betWeen heat treatment tem 
peratures and each of a total amount of generated gases, an 
amount of hydrogen, and an amount of Water, each desorbed 
from a tantalum electrode ?lm; 

FIG. 3 is a diagram shoWing measurement results of 
insertion losses of surface acoustic Wave ?lters using each of 
a tantalum electrode ?lm that is not heat-treated, a tantalum 
electrode ?lm covered With an anodiZed ?lm, and a tantalum 
electrode ?lm that is heat-treated in a vacuum; and 

FIG. 4 is a diagram shoWing measurement results of 
adhesion strengths betWeen an aluminum Wire and each of 
a tantalum electrode ?lm that is not heat-treated, a tantalum 
electrode ?lm covered With an anodiZed ?lm, and a tantalum 
electrode ?lm that is heat-treated in a vacuum. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A preferred embodiment according to the present inven 
tion Will be explained beloW With reference to FIGS. 1A to 
1G. First, as shoWn in FIG. 1A, a substrate made of, for 
example, commercially available LiTaO3, LiNbO3, 
Li2Bi4O7, quartZ, and pieZoelectric ceramic materials, is 
preferably prepared as a pieZoelectric substrate 1. The 
surface of the pieZoelectric substrate 1 is cleaned by a Wet 
cleaning using a neutral detergent, an alcohol, or by a dry 
cleaning using an oxygen plasma, or other suitable material. 

Next, as shoWn in FIG. 1B, an electrode ?lm 2 made of 
tantalum or primarily made of tantalum is preferably formed 
on the entire surface of the pieZoelectric substrate 1 in a 
vacuum. In order to form the electrode ?lm 2 on the 
pieZoelectric substrate 1, in general, a vacuum evaporation 
apparatus is used, although a sputtering apparatus, a CVD 
apparatus, or other suitable apparatus, may be used. The 
electrode ?lm 2 may be a single-layer ?lm made of tantalum 
only, although the electrode ?lm 2 may be a multi-layer ?lm 
in Which a substrate layer is formed of other metallic 
material on the bottom surface of the tantalum layer. 

After the tantalum electrode ?lm 2 is formed, as shoWn in 
FIG. 1C, the pieZoelectric substrate 1 is heat-treated in a 
vacuum so as to subject the electrode ?lm 2 to a degasi? 
cation treatment. The heat treatment conditions are 
preferably, for example, a treatment temperature of about 
400° C., a treatment time of approximately 3 hours, and a 
heat treatment pressure of about 1.0><10_1 Pa. 

After the heat treatment is performed, as shoWn in FIG. 
ID, a resist ?lm 3 is formed on the entire surface of the 
pieZoelectric substrate 1. As the resist ?lm 3, either a 
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commercially available negative-type photoresist or a com 
mercially available positive-type photoresist may be used. 
The resist ?lm 3 is covered With a patterning mask, the 
exposure is performed With an exposure apparatus, and the 
development is performed With a development apparatus, so 
that the resist ?lm 3 is patterned into a predetermined pattern 
as shoWn in FIG. 1E. The patterned resist ?lm 3 is dried and 
hardened. 

Subsequently, as shoWn in FIG. 1F, a region of the 
electrode ?lm 2 exposing out of the resist ?lm 3 is selec 
tively removed by an etching using an etchant capable of 
etching the electrode ?lm 2, so that the electrode ?lm 2 is 
patterned and an interdegital electrode transducer is formed. 
Thereafter, as shoWn in FIG. 1G, the resist ?lm 3 on the 
electrode ?lm 2 is removed so as to expose the interdigital 
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6 
to be unstable. In order to desorb this hydrogen, as is clear 
from FIG. 2, a heat treatment temperature of about 290° C. 
or more may be appropriate since the maximum temperature 
at Which the desorption of the hydrogen is observed is about 
290° C. Even When the heat treatment temperature is about 
290° C. or less, the effect of removing hydrogen by the heat 
treatment can be exhibited if the treatment time is increased. 

Table 1 shoWs changes in the speci?c resistance and the 
amounts of change in resonant frequency during a humidity 
test for 2000 hours regarding tantalum electrode ?lms that 
are not heat-treated and that are heat-treated at heat treat 

ment temperatures of about 150° C. to about 750° C. Each 
step of heat-treating Was performed prior to a step of 

15 - 

electrode transducer. The method for etching the electrode pattemmg the electrode ?lm’ and each heat treatment Was 
?lm may be a Wet etching or a dry etching using the plasma_ performed for approximately 3 hours. A value in an upper 

After the Surface acoustic Wave apparatus is manufactured column of each item indicates the value in the case in Which 

as described above, transmission characteristics of an ele- l3 tantalum 1S u_sed_ as the electrode_ ?1m> and a_ Valli? m a 
ment portion are Veri?ed, that is, it is Veri?ed that a 20 loWer column indicates the value in the case in Which 0t 
predetermined frequency is available. When the availability tantalum is used- The humidity test Was Performed using a 
of the predetermined frequency is veri?ed, the surface resonator Wlth a Center frequency of approXlmately 400 
acoustic Wave apparatuses are transferred one after another MHZaa band at a temperature of about 85° C. and at a 
to an area for performing a step of assembling, and are humidity of about 85%. 

TABLE 1 

Heat 
Treatment Not 
Temperature Heat 
(° C.) treated 150 200 300 400 500 600 700 750 

Change in 0 0.01 -1.12 —2.36 -2.71 -3.97 -4.10 -5.40 -4.20 
Resistance 0 -0.04 -2.11 —3.76 -3.94 -4.45 —5.38 -5.39 -5.23 

Humidity +27 +18 +9 +8 +7 +8 +6 +4 +3 
Test (2000 h) +39 +7 +6 +6 +4 +5 +4 +2 +3 
Amount of 
Change in 
Resonant 
Frequency 
(ppm) 

Upper column: [5 Ta 
Lower column: or Ta 
Heat treatment time: 3 hours 
Humidity test: 85° C., 85 % 
Central frequency: 400 MHZ band 
Step of heat-treating: prior to the step of patterning 

mounted, for example, in packages, so that the manufactur 
ing process is completed. 

FIG. 2 is a diagram shoWing measurement results based 
on a thermal desorption analysis regarding relationships 
betWeen heat treatment temperatures in the step of heat 
treating the tantalum electrode ?lm disposed on the pieZo 
electric substrate, as described above, and degasi?cation of 
the electrode ?lm. In FIG. 2, an axis of abscissas indicates 
heat treatment temperatures, and an axis of ordinates indi 
cates changes in each of a total amount of generated gases 
desorbed from the electrode ?lm heated at a heating rate of 
about 5° C./min, an amount of hydrogen contained therein, 
and an amount of Water contained therein, each on a partial 
pressure basis. As is clear from FIG. 2, regarding the total 
generated gases and the Water, an effect of degassing 
increases With increases in the heat treatment temperature. 
Regarding the partial pressure of the hydrogen gas, three 
peaks are observed betWeen about 150° C. and about 290° 
C. 

Tantalum has the tendency to occlude hydrogen, and this 
hydrogen affects device properties and causes the properties 
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As is shoWn in Table 1, an effect of decreasing the speci?c 
resistance of the electrode ?lm tends to increase With an 
increase in the heat treatment temperature. When the heat 
treatment temperature Was about 700° C. or more, hoWever, 
further enhancement of the effect Was hardly recogniZed. 
Furthermore, When the heat-treating temperature exceeds 
about 700° C., since the stress on the tantalum electrode ?lm 
Was increased, the pieZoelectric substrate Was Warped during 
the step of heat-treating, and succeeding steps Were hin 
dered. Therefore, in addition to this, in consideration of an 
electrical cost and other factors, the heat treatment tempera 
ture of the tantalum electrode ?lm is preferably about 700° 
C. or less. As is clear from Table 1, in order to produce the 
effect of decreasing the speci?c resistance due to the heat 
treatment, the heat treatment must be performed at a tem 
perature of about 200° C. or more, and the heat treatment is 
preferably performed at a temperature of about 300° C. or 
more. Therefore, the heat treatment temperature of the 
tantalum electrode ?lm is preferably Within the range of 
from about 200° C. to about 700° C., and more preferably, 
Within the range of from about 300° C. to about 700° C. 
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When comparisons are made between [3 tantalum and 0t 
tantalum in Table 1, 0t tantalum has a larger effect of 
improving the speci?c resistance and the reliability in the 
humidity test due to the heat treatment. A longer heat 
treatment time is better, although When the time exceeds a 
certain period, enhancement is hardly recogniZed regarding 
the effect of decreasing the speci?c resistance and the effect 
of improving the reliability due to the heat treatment. For 
eXample, When the heat treatment temperature is about 350° 
C., the time that elapses until the effect of improvement due 
to the heat treatment reaches nearly saturation level and 
enhancement is not recogniZed is about 5 hours, although 
this time varies depending on the heat treatment 
temperature, and the heat treatment time must be increased 
With decreases in the heat treatment temperature. 

In the aforementioned preferred embodiment, the heat 
treatment Was performed in a vacuum, although similar 
effects could be also produced by performing heat treatment 
in an atmosphere not containing oxygen, for eXample, in an 
atmosphere of argon, or other suitable atmosphere. 

The timing of the heat treatment is not limited to being 
performed prior to the patterning of the electrode ?lm, and 
the heat treatment after the electrode ?lm is patterned and 
the interdigital electrode transducer is formed eXhibits the 
desired advantageous effect. The heat treatments may be 
performed tWice, that is, prior to and after the step of 
patterning the electrode ?lm. 

Table 2 shoWs the amounts of change in the speci?c 
resistance and the results of the humidity test regarding each 
of the [3 tantalum electrode ?lms that are not heat-treated, 
that are heat-treated prior to the patterning of the electrode 
?lm, that are heat-treated after the patterning of the electrode 
?lm, and that are heat-treated prior to and after the pattern 
ing of the electrode ?lm. Herein, the heat treatment Was 
performed in a vacuum at about 400° C. for 3 hours. In the 
humidity test, changes in the resonant frequency Were eXam 
ined using a resonator in the 400 MHZ band after left 
standing at a temperature of about 85° C. and at a humidity 
of about 85% for 2000 hours. 

TABLE 2 

Humidity Test (2000 h) 
Change in Speci?c Amount of change in 

Resistance Resonant Frequency 
(0/0) (ppm) 

Not Heat-Treated 0 +27 
Heat-Treated Prior to —2.7 +7 
Patterning 
Heat-Treated After —1.9 +4 
Patterning 
Heat-Treated TWice, —3.1 +1 
Prior to and After 
Patterning 

[5 Ta 
Heat treatment: in vacuum, 400° C., 3 hours 
Humidity test: 85° C., 85% 
Central frequency: 400 MHZ band 

As is shoWn in Table 2, the heat treatment performed prior 
to the patterning has a larger effect of decreasing the speci?c 
resistance than that of the heat treatment performed after the 
patterning. Regarding the reliability in the humidity test, 
hoWever, the heat treatment after the patterning has a larger 
effect. It is clear that the speci?c resistance and the reliability 
can be improved by performing the heat treatments prior to 
and after the patterning compared to heat treatment that is 
performed only once. 

FIG. 3 shoWs the measurement results relating to insertion 
losses relative to the signal With a center frequency of 400 
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8 
MHZ regarding each of the surface acoustic Wave ?lters 
manufactured using three kinds of electrodes, that is, a 
tantalum electrode ?lm that is not heat-treated, a tantalum 
electrode ?lm having an anodiZed surface, and a tantalum 
electrode ?lm that is heat-treated in a vacuum at about 400° 
C. for 3 hours. According to the measurement results, 
regarding the tantalum electrode ?lm having an anodiZed 
surface, the insertion loss of the surface acoustic Wave ?lter 
is inferior compared to that of the tantalum electrode ?lm 
that is not heat-treated, although regarding the surface 
acoustic Wave ?lter heat-treated in a vacuum, the insertion 
loss is improved. 

Usually, When the surface acoustic Wave apparatus is 
manufactured, a pad portion and a terminal portion of the 
electrode ?lm are connected With the Wire bonding or other 
suitable element. In this case, the adhesion strength of the 
Wire material and the electrode ?lm must be strong. FIG. 4 
shoWs the measurement results of the adhesion strength 
(tensile strength) betWeen an aluminum Wire of about 25 pm 
in diameter and each of the tantalum electrode ?lms, that is, 
a tantalum electrode ?lm that is not heat-treated, a tantalum 
electrode ?lm having an anodiZed surface, and a tantalum 
electrode ?lm that is heat-treated in a vacuum at about 400° 
C. for 3 hours. As is clear from FIG. 4, the adhesion strength 
of the tantalum electrode ?lm having the anodiZed surface 
Was inferior compared to that of the tantalum electrode ?lm 
that Was not heat-treated, although the tantalum electrode 
?lm that Was heat-treated in a vacuum exhibited a large 
adhesion strength equivalent to that of the tantalum elec 
trode ?lm that Was not heat-treated. 

According to various preferred embodiments of the 
present invention, regarding the surface acoustic Wave appa 
ratus using the aforementioned electrode ?lm that is prima 
rily composed of tantalum, the speci?c resistance of the 
electrode ?lm is greatly decreased by removing hydrogen 
occluded in the electrode ?lm, so that the device properties, 
such as the insertion loss and reliability of the surface 
acoustic Wave apparatus, are signi?cantly improved. In 
addition, the adhesion strength betWeen the bonding Wire 
and the electrode ?lm are also greatly increased. 
While the present invention has been particularly shoWn 

and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in form and details can be 
made Without departing from the spirit and scope of the 
invention. 
What is claimed is: 
1. A method for manufacturing a surface acoustic Wave 

apparatus, comprising the steps of: 
forming an electrode ?lm primarily comprising tantalum 

on a pieZoelectric substrate, 
Working said electrode ?lm into a desired shape; and 
heat-treating said electrode ?lm at a temperature Within a 

range from about 200° C. to about 700° C.; Wherein 
the step of heat-treating said electrode ?lm is per 

formed after the step of forming an electrode ?lm. 
2. A method for manufacturing a surface acoustic Wave 

apparatus according to claim 1, Wherein said step of heat 
treating is performed in a vacuum. 

3. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein said step of heat 
treating is performed in an atmosphere not containing oXy 
gen. 

4. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein said tantalum 
includes a tantalum. 
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5. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, wherein said step of heat 
treating is performed prior to said step of Working said 
electrode ?lm. 

6. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, further comprising the step 
of evaluating properties of said surface acoustic Wave appa 
ratus. 

7. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein said step of heat 
treating is performed betWeen said step of Working said 
electrode ?lm and said step of evaluating properties of said 
surface acoustic Wave apparatus. 

8. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein the pieZoelectric 
substrate is made of one of LiTaO3, LiNbO3a) Li2Bl-4O7, 
quartZ, and pieZoelectric ceramic materials. 

9. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1 Wherein the electrode ?lm is 
formed over the entire surface of the pieZoelectric substrate. 

10. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein the electrode ?lm 
has a single layer structure. 

11. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein the electrode ?lm 
has a multiple layer structure. 

12. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein the electrode ?lm 
includes a tantalum ?lm and another metal ?lm. 

13. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein the step of heat 
treating is performed at a temperature of about 400° C., for 
a treatment time of approximately 3 hours, and a heat 
treatment pressure of about 1.0><10.1 Pa. 

14. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein said step of heat 
treating is performed after said step of Working said elec 
trode ?lm. 
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15. A method for manufacturing a surface acoustic Wave 

apparatus according to claim 1, Wherein said step of heat 
treating is performed at least tWice. 

16. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 1, Wherein said step of heat 
treating is performed before and after said step of Working 
said electrode ?lm. 

17. A method for manufacturing a surface acoustic Wave 
apparatus, comprising the steps of: 

forming an electrode ?lm primarily composed of tantalum 
on a pieZoelectric substrate in a vacuum; 

Working said electrode ?lm into a desired shape; and 
heat-treating said electrode ?lm at a temperature Within a 

range from about 300° C. to about 700° C.; Wherein 
the step of heat-treating said electrode ?lm is per 

formed after the step of forming an electrode ?lm. 
18. A method for manufacturing a surface acoustic Wave 

apparatus according to claim 17, Wherein said tantalum 
includes a tantalum. 

19. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 17, Wherein said step of 
heat-treating is performed prior to said step of Working said 
electrode ?lm. 

20. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 17, further comprising the step 
of evaluating properties of said surface acoustic Wave 
apparatus, Wherein said step of heat-treating is performed 
betWeen said step of Working said electrode ?lm and said 
step of evaluating properties of said surface acoustic Wave 
apparatus. 

21. A method for manufacturing a surface acoustic Wave 
apparatus according to claim 17, Wherein the electrode ?lm 
includes a tantalum ?lm and another metal ?lm. 


